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© A method of forming high aspect ratio vias (376, 
377, 378) through a plurality of polymeric dielectric 
layers (155a ... 155i) in a multichip module, and a 
multichip module structure incorporating such high 
aspect ratio vias are disclosed. Preferably, electron 
cyclotron resonance (ECR) etching is used to form 
the vias, at leasi somr « >f which have aspect ratios 
greater than 3:1 f:n*J heights g: eater than 20 
/*i press <t invention, vias 
- rtlanr: * inductive layers 
n il .c nxiute may be 
- n I i« particularly 
;t 3 i - e \c / ;rs with- 
imtially 
in the 
i very 



microns. Accord! nn tc 
which extend to <1il r e.e 
(110, 115, 120) itf n ! 
fort m xj in a sir.: V ; s 
usj n ! vor formi '< 
in i ? multi*:! 
f: iif i :e3 tho 

y 3r w r 

e -trie 




FIG. 3 



r 1 . > ,. 



1 



EP 0 646 954 A2 



2 



The present invention relates generally to the 
packaging of semiconductor devices, and is spe- 
cifically related to methods of forming high aspect 
ratio vias in semiconductor device packages, and 
to a multilayered packaging structure incorporating 
high aspect ratio vias. 

The device density of semiconductor integrat- 
ed circuit chips (IC chips) has dramatically in- 
creased in the years since their initial introduction, 
such that millions of discrete components are now 
routinely included on a single IC chip. In addition, 
the clock speeds at which such chips operate has 
dramatically increased, such that digital signals at 
microwave frequencies are now heing used in high 
performance systems. The increasing complexity 
of the devices being used, along with the higher 
speeds of such devices, have challenged the tradi- 
tional methods of packaging chips. 

Various multichip module structures have been 
developed to address the need to provide im- 
proved packaging for modern high-performance IC 
chips. One important reason for using multichip 
modules is to minimize signal propagation delay 
thereby improving system performance. Multichip 
module structures involve mounting a plurality of IC 
chips on one or more substrates to form a two- or 
three-dimensional array of chips. A substrate of a 
multichip module may include means for delivering 
power and ground to the individual chips mounted 
on the substrate, as well as signal paths for inter- 
connecting the chips on the module, and for inter- 
connecting these chips with other devices that are 
external to the module. In some instances, the 
delivery of power to the chips requires that more 
than one voltage level be provided. Finally, the 
substrate may also include by-pass capacitors to 
reduce DC * noise associated with high speed 
switching of power to the chips. Due to the com- 
plexity of providing all of the foregoing to each of 
the chips mounted on a substrate, such substrates 
are often fabricated as multilayer structures, with 
various patterned conductive layers being used for 
the required voltages and ground connections, and 
other conductive layers being used for signal lines. 
As described, at least two layers of patterned con- 
ductive material may be dedicated to forming by- 
pasr. capacitors. Interleaved between the patterned 
conductive layers are insulation layers to prevent 
shoi :i*ig between the conductive layers. 

^ti.illy, the primary technology for forming 
71 s! 1 yond nulti-chip module substrates was ce- 
i \i v* (sometimes referred to as "co-fired" 
■*" .* recently, thin film structures, pri- 
: the us'* of copper and polyimide, 
nrportir^ due to the smaller line 
♦hid n srs tf =a' can be realized, 
act J :c-iy n cle has a more 
i - < -c ■ • mst ceramics. In 



addition, copper/poly imide structures are readily 
grown on silicon wafers, such that the much of the 
equipment and some of the techniques used in 
connection with the processing of semiconductor 

s wafers can be employed in the fabrication of thin 
film multichip module substrates. Other multichip 
modules have been developed wherein the two 
technologies have been combined in multilayered 
structures comprising both ceramic portions and 

10 copper/polyimide portions. 

Multilayered multichip modules, as just de- 
scribed, require means for connecting the various 
signal lines, power lines, ground lines and capaci- 
tors to a surface of the structure so that they can 

75 be coupled to the IC chips mounted on the module. 
Such connections between the various layers and 
the surface of the module are commonly made 
using "vias" that run from the various layers to the 
surface. Other vias may be used within the struc- 

20 ture to interconnect layers, without extending to the 
surface of the structure for direct coupling to an IC 
chip or external device. In the typical prior art, 
coupling of a layer to the surface was made by 
forming a series of vias, each of which only ex- 

25 tended the distance between two layers, but which 
were electrically connected so as to provide a 
circuit path between one or more conductive layers 
and a pad on the upper surface of the multichip 
module for connection to an IC chip or external 

30 device. 

A via typically comprises an aperture formed 
through one or more layers as by removal of some 
of the material of the layer(s), which is then filled 
with a conductive material. Thus, a via has upper 

35 and lower ends at either side of the layer(s) 
through which it extends and is able to conduct 
electricity between these ends. The term via is 
sometimes used in the art to refer only to the 
aperture that is formed through one or more layers, 

AO with the understanding that the aperture is later to 
be filled with a conductive material. The particular 
usage of the word is generally obvious from the 
context, and both usages are employed in this 
specification. 

45 As discussed, one of the reasons for using 
multichip modules is due to the high number of 
interconnections that must be made with highly 
complex IC chips. When a large number of com- 
plex chips must be interconnected, the architecture 

so of the multilayered chip module is commensurataly 
complex. The need to provide separate /erticrl 
pathways through multiple layers of r^tei; ? 
presents designers with difficult toponr *; hi • 
problems annpounditcj the complexity h 

55 structure. Aroa or "rrc; ■ estate * :»n the sui = 
within the te/ors of tl-3 mcdut s at e i 
such that i f i f desirao' » :o forr as wh;c: 
the inhhnur; amcurt j ana possiV»l 
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this it is desirable to form vias having a very high 
aspect ratio, Le. t the ratio of via depth to average 
via width or diameter. Unfortunately, heretofore, the 
etching processes which have been used to form 
vias have not been able to attain high aspect ratios 
due, in large part, because the etching processes 
applied have not been sufficiently anisotropic. To 
form a high aspect ratio via, it is necessary to etch 
preferentially in the downward direction, without 
etching or undercutting in the lateral direction. 

Various methods are known in the prior art for 
forming vias in multichip modules. In ceramic 
structures where the dimensions are relatively 
large, holes may simply be punched or otherwise 
mechanically formed in the various ceramic green 
sheet layers before they are hardened. Laser drill- 
ing of vias is sometimes used for forming vias in 
both ceramic and thin film structures. Finally, wet 
and dry etching techniques may be used, and are 
particularly common for forming holes in polyimide. 
While the etching techniques that have been em- 
ployed in the prior art are similar in may respects 
to etching techniques used in connection with in- 
tegrated circuit fabrication, there is a significant 
difference in scale of the two types of structures, 
such that adjustments have to be made, and not all 
techniques are transferable. For example, a 
polyimide layer used in a multichip module may be 
an order of magnitude or more thicker than a 
dielectric layer used in fabricating an IC chip. Like- 
wise, the diameter of the via may be an order of 
magnitude or more greater than a via used in an IC 
chip. 

FIG. 1 is a partial cross sectional view of a thin 
film muttilayered multichip module substrate 10 of 
the type known in the prior art. A number of 
individual layers are fabricated on top of a surface 
of a relatively thick substrate 100. For example, 
such layers may comprise interleaved layers of 
copper and polyimide, as described in greater de- 
tail below, which are formed on a silicon wafer. 
FIG. 1 shows nine patterned conductive layers, 
110, 125, 120, 125, 130, 135, 140, 145 and 150, 
separated by layers of an insulating polymeric ma- 
terial 155a - 155i, respectively, such as a 
polyimide. Thus, there is a polyimide layer asso- 
ciated with each conductive layer shown in FIG. 1 . 
The cumulative thickness of the module layers may 
be of the order of 100 - 150 microns, (not including 
the thickness of base substrate 100). 

On the upper surface of multichip module 10 
are a plurality of contact pads 160 for coupling IC 
chips to module 10. Similar pads may be usod for 
coupling the multichip module to external c!e i> :e 
A number of well-known methods are avail 'J: e f<r 
connecting IC chips to a substrate includi \< v. 3 
bonding end flip-chip bonding ur-ing, for e t ^ \ . 
solder bumps Such mat'icd.*; ^' consk'e -*> ; ) 



yond the scope of the present invention and will 
not be discussed further as they are well-known in 
the art. In addition, intermediate or "interposer" 
substrates may be mounted between the multichip 
5 module substrate and one or more of the IC chips 
coupled thereto. Again, a more thorough descrip- 
tion of the use of interposer substrates is not 
necessary for an understanding of the present in- 
vention. 

ro The patterned conductive layers in the module 
depicted in FIG. 1 may comprise, for example, 
three capacitor plate layers 110, 115 and 120, 
which are coupled to the power supply to the 
chips, y-direction signal layers 125 and 140, x- 

75 direction signal layers 150, 145, and ground layers 
135 and 130. Those skilled in the art will recognize 
that each of the patterned conductive layers may 
also have portions that are used to contact vias in 
the adjacent dielectric layers to provide a portion of 

20 a conductive path from a patterned conductive 
layer below to the surface of the multichip module 
above. A typical method of fabricating the pat- 
terned conductive layers is as follows: A thin film of 
metal, such as copper, is deposited over the entire 

25 exposed surface of the substrate using well-known 
methods such as sputtering or evaporation. A 
photoresist is applied onto the surface of the metal 
layer and is hardened by soft baking. The resist is 
then printed {i.e., exposed to light through a mask 

30 defining the desired pattern), and developed so as 
to uncover selected surfaces of the metal layer. 
The remaining photoresist is then further hardened 
("hard baked") and the exposed surfaces of the 
metal are etched away using standard etch tech- 

35 niques, leaving a patterned metal layer. The re- 
maining photoresist is removed, i.e., stripped. 

After a patterned conductive layer is formed in 
this manner, a polyimide layer 155 is deposited on 
top of the metal layer, as by applying a liquid 

40 precursor compound onto the top surface of the 
substrate, spinning the substrate to obtain a de- 
sired uniform thickness, and thereafter curing the 
layer to polymerize the compound. In the prior art, 
before applying the next metal layer, vias 175 were 

45 formed in the polyimide layer using standard 
photolithographic techniques. The typical process 
for forming vias 175 in a polyimide layer 155 is, 
however, somewhat n">c:*c- :t nr olicated than that 
described for patterning ; ! layer, in that an 

so etch mask, typically pivc'-W , i j;t be formed on 
thf -;urfac> ; f the p.il ^ >, a typical prior 
3*1 'voces- r forminc ■ .nvolvr* -lielectric 

o * si ion h mai'< * resist p iiteming 
( t ':• ■ on, s , tfjv^ - ip f hard 

5 I i1:ew 1 * c m e form 

t: 3" if p *■* A! i >-jgi tile 

I. ; ai i * i ; , <;: n to 

f. ; ii i 1 . rr .w 
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generally appreciably thicker than the patterned 
conductive layers, with the exception, however, that 
the layer thickness of polyimide is reduced be- 
tween the capacitor layers to increase capacitance. 

Thus, in the prior art, there are a number of 
processing steps associated with each conductive 
layer and each dielectric layer, such that fabrication 
of a multi layered structure is a tedious, time con- 
suming and exacting process. Of course, there is a 
risk of damage or failure associated with each 
processing step so that the overall yield of usable 
substrates depends on the number of processing 
steps involved. 

As has been described and as shown in FIG. 1, 
the typical prior art process for fabricating a cop- 
per/polyimide multi layered multichip module struc- 
ture comprises formation of vias 175 after each 
dielectric layer is formed, such that each via ex- 
tends only between adjacent conductive layers. 
Thus, to form a conductive path from a metal layer 
(other than the uppermost conductive layer) to the 
surface of the multichip module requires multiple 
via formation processes. In some designs, the elec- 
trical path between a portion of a conductive layer 
and the surface of the multichip module may be 
somewhat circuitous, with using vias in different 
layers at different locations, as shown in FIG. 1 . In 
other designs, a via formed in one dielectric layer 
overlies a via formed in the dielectric layer directly 
beneath it, and the resulting structure may be 
thought of as a single via extending through mul- 
tiple layers. However, such a structure still requires 
multiple via formation and the related processing 
complexity. Manufacturing defects may arise if the 
alignment between adjacent layers is not precise, 
or if the interface between two separately formed 
but connected vias is poor, thereby affecting the 
electrical conductivity of the structure. A via formed 
in multiple segments in this manner will not have a 
smoothly continuous wall since there will be an 
interface at each of the layers. 

Laser drilling has been used in the prior art to 
form vias through multiple layers of material. How- 
ever, laser drilling has not gained practical impor- 
tance since only one hole can bo drilled at a time, 
making it very time consuming to drill the very 
large number of via holes that are associated with a 
complex multichip module. 

While iho thicknesses of ti e va i* u:: layers 
shown in FiG. 1 are not to sc.-ii \ at* c apacitor 
structures ; a* formed within >h > ~ -| ( * onoclu!'?. 
a *. shown, t * thicker ::s of the < < 1 > >rs . 
if /ors ISii; lrd I'^O betw*:€ if ri : 

: lcitorr ' nniTV .For; : . c if ; 

, the c: r it- it '* of th : - -< 

ic^ti ii ? i * iect 'k I 

iter: * :i I £1 ti 
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inversely proportional to the separation between 
the plates (f), i.e., the thickness of the dielectric 
material. This may be expressed by the well-known 
formula, C = kNt Thus, a high capacitance capaci- 

5 tor requires a combination of one or more of a 
material having a high dielectric constant, a large 
overlapping area of opposing plates, and a thin 
dielectric layer. However, it is difficult to form very 
thin dielectric layers, each of which has vias 

70 formed therein, between patterned conductive lay- 
ers in a multichip module structure of the type 
described, and so the manufacturing yield of such 
devices is low. The difficulty usually arises during 
the etching of the vias in the thin dielectric layers 

is due to small defects, i.e., small holes or micro- 
pores, in the mask layers used for patterning the 
vias. When etching is performed, these defects 
effectively form unintended vias creating shorts be- 
tween the capacitor plates. 

20 As shown in FIG. 1, more than two layers of 
patterned conductive material are often required for 
capacitor plates. The need for more than two layers 
arises from the fact that, most of the time, more 
than one voltage is being supplied to the IC chips 

25 coupled to the multichip module, creating the need 
for separate capacitor plates for each voltage level 
supplied. In addition, the overall area of overlap- 
ping capacitor plates (A) can be increased by add- 
ing plates at different levels. 

30 Accordingly, it is an object of the present in- 

vention to provide a method of forming high-aspect 
ratio vias in multichip module which simplifies the 
number of processing steps required to fabricate 
the module. 

35 Another object of the present invention is to 

provide a one-step method of forming a plurality of 
high aspect ratio vias of different lengths that ex- 
tend through multiple layers. 

Still another object of the present invention is 

40 to provide a highly anisotropic method of etching 
vias in relatively thick layers of polyimide, such that 
there is very little undercutting or lateral etching of 
the via openings as the etching process is con- 
ducted. 

45 Yet another object of the present invention is to 
provide a novel multichip module substrate that is 
simple to fabricate and which minimizes the area of 
the substrate that is occupied by vias. 

A further object of the present invention is to 

50 provide a method for forming capacitor plates in a 
multichip module which increases the manufactur- 
ing yield without increasing the thickness of the 
dielectric layer between capacitor plates. 

The foregoing objects of the invention, along 

}!■ vvith others that will become apparent to those 
skilled in ths* art upon reading the present speci- 
ication, are realized in a novel one-step method of 
inning higl ^.Sf*ct ratio vias in a multichip mod- 
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ule, and in a multichip module structure incorporat- 
ing vias formed in accordance with the inventive 
process. In one aspect, the process of the present 
invention comprises using electron cyclotron reso- 
nance (ECR) etching to etch high aspect ratio vias 
in a relatively thick layer of polymeric material, 
such as polyimide, using a etch mask. In another 
aspect, the present invention comprises the steps 
of providing a multilayered substrate having a plu- 
rality of conductive layers at different levels therein, 
said conductive layers being separated by insulat- 
ing layers, positioning a mask in proximity to the 
top surface of said multilayered substrate, said 
mask having a plurality of openings corresponding 
to vias to be formed within said multilayered sub- 
strate, and simultaneously removing the insulating 
material beneath each of said openings such that 
vias having substantially the same dimensions as 
the overlying openings are formed, said vias ex- 
tending from the conductive layers to the top sur- 
face of the multilayered substrate. The step of 
simultaneously removing said insulating material is 
performed using either ECR etching or reactive ion 
etching (RIE). The present invention is useful with 
vias having a height greater than 20 microns and 
an aspect ratio greater than 3 to 1. Preferably, the 
insulating material is a polymeric material such as 
a polyimide. The present invention also encom- 
passes a multilayered substrate for a multichip 
module, comprising a plurality of conductive layers, 
a plurality of insulating layers interleaved between 
said conductive layers, a plurality of vias formed 
within said substrate, each said via extending from 
a substantially planar surface to one of said con- 
ductive layers, such that said vias are of different 
heights, at least some of said vias having an aspect 
ratio greater that 3 to 1 and a height greater than 
20 microns, each of said vias having a smoothly 
continuous wall. 

Reference is made, by way of example, to the 
accompanying drawings in which: 

FIG, 1 is a schematic cross-sectional repre- 
sentation of a thin film multichip module sub- 
strate of the type known in the prior art. 
FIG, 2 is a schematic cross-sectional repre- 
sentation of a thin film multichip module sub- 
strate of one embodiment of the present inven- 
tion. 

? is a schematic cross-sectional repre- 
5 e;t tbn of 3 thin film multichip module sub- 
jtr v in ear :: "Unce with another embodiment 

i f mz n ? ent;on. 

Mi i > a / chr'i of the method of the 

: r y 

i r j xtron micrograph of a 

t id in ac3t r< lance with 



The present invention is directed to a method 
of forming vias in a multilayered multichip module 
substrate, and is particularly useful in connection 
with forming vias to patterned conductive layers 

s used as bypass capacitor layers formed within the 
substrate. The method is particularly useful for 
avoiding the creation of defects in the thin dielec- 
tric layer between the plates of the capacitor. The 
present invention departs from the prior art method 

to of forming vias after each dielectric layer is formed. 
Rather, in accordance with the present invention, 
only after several or all of the dielectric layers are 
formed are the vias formed. Deferring the formation 
of vias until several or all of the layers of dielectric 

75 are formed not only increases the manufacturing 
yield of capacitor structures, but also appreciably 
reduces the number of processing steps required 
to form the multichip module substrate. In particu- 
lar, the process of the present invention eliminates 

20 large number of processing steps needed to sepa- 
rately form vias in each layer of dielectric. 

The requirements for forming vias through mul- 
tiple layers of dielectric include the need to be able 
to effectively etch through relatively large thickness 

25 of material, e.g., more than 20 microns, while main- 
taining a very high aspect ratio, e.g., a ratio of via 
height to average via diameter greater than 3:1. 
The inventors have discovered that electron cyclo- 
tron resonance (ECR) etching is a highly suitable 

30 etching process for carrying out the present inven- 
tion in that it has been shown by the inventors to 
exhibit highly anisotropic etching through relatively 
large thicknesses of polyimide. The inventors have 
successfully used ECR etching to form vias in 

35 polyimide layers greater than 20 microns, with no 
substantial undercutting of the mask layer and no 
substantial widening of the via. Thus, the via that is 
formed through a relatively thick polyimide layer 
has a diameter at its upper end which is substan- 

40 tially the same size as the aperture in the mask 
layer used to define the via. 

ECR is a relatively new semiconductor pro- 
cessing technique that is only beginning to gain 
acceptance. As far as the inventors are aware while 

45 ECR has been used for etching thin layers during 
semiconductor device fabrication, it has not, here- 
tofore, been applied to the fabrication of multichip 
modules. It is noted that tile film thicknesses in a 
multichip module are greater by as much as an 

so order of magnitude or more than the film thicknes- 
ses associated with semiconductor devices. Ac- 
cordingly, the results obtained by the inventors by 
applying ECR to etching vias in multichip modules 
were unexpected and surprising. 

55 FIG. 2 is a schemalic cross-rational repre- 

sentation of a thin film copper poly rr ide ichip 
module substrate 10* according to one emb( lir ent 
of the present invention. Except as huoina / do- 
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scribed, substrate 10* is the same as substrate 10 
shown in FIG. 1 , and the same numbers have been 
used to represent common features of the two 
structures. The vias 175 within a layer of substrate 
10 of FIG. 1 are formed immediately after the 
dielectric layer 155 in which they are present is 
formed, so that the complex process for forming 
vias is repeated for each dielectric layer. As sche- 
matically shown in FIG. 1, vias 175 between the 
capacitor layers 110, 115 and 120, are relatively 
short because of the thinness of the dielectric 
layers 1 55h and 1 55 i they are formed in. 

In the embodiment of the present invention 
depicted in FIG. 2, no vias are formed solely in thin 
dielectric layers I55h and I55t between the plates 
of the bypass capacitors. Instead, in accordance 
with the one-step etch process of the present in- 
vention, vias 276, 277 and 278 are formed after all 
of the capacitor structure is formed. In the embodi- 
ment of FIG. 2, vias 276, 277 and 278 extend from 
the top of relatively thick dielectric layer I55g ,to 
different plate levels, i.e., different patterned con- 
ductive layers. Thus, via 276 extends only through 
dielectric layer 155g to patterned conductive layer 
120; via 277 extends through dielectric layers 155g 
and 155h to patterned conductive layer 115; and 
via 278 extends through dielectric layers 155g, 
155h, and 155i to patterned conductive layer 110. 
Even though these vias are of different length and, 
accordingly, some of them extend through multiple 
layers of dielectric material, they are all formed in a 
single step etching process as described herein- 
below. 

As described above, there is a risk of shorting 
associated with the formation of vias in thin dielec- 
tric layers. The method of forming vias of the 
present invention allows vias to be formed having 
different lengths without substantial undercutting or 
lateral growth of a shorter via after it has reached a 
conductive layer and while other vias are continu- 
ing to be formed. This allows via diameters to be 
precisely controlled such that the electrical prop- 
erties of the vias can be kept highly uniform. 

In the embodiment of FIG. 2, the vias connect- 
ing the capacitor plates are formed only after the 
relatively thick dielectric layer 155g above the ca- 
pacitor structure has been formed. Thus, the risk of 
forming unintended vias in the relatively thin dielec- 
tric layers between the capacitor's plates is effec- 
tively eliminated since no etch mask is ever formed 
directly on top of these thin layers. Any etching 
that occurs due to micropores in the mask layer 
will proceed at a relatively slow rate and will not 
extend to a conductive layer. Hence, such defects 
will nor c:\um shorting. In addition, the one-step 
,?tch rf !! o:' o- ihe present invention saves nu- 
ni.n v • tj steps associated with forming 

k s : f ; ectric layer is formed. 



In the embodiment of FIG. 2, the vias formed 
using the one-step etch method of the present 
invention are only those used for coupling to the 
capacitor layers. This is because in the prior art the 

5 risk of manufacturing defects is greatest with the 
very short vias used to connect to the capacitor 
layers. In the FIG. 2 embodiment, after the capaci- 
tor layers and the overlying thick polyimide layer 
155g are formed, and vias 276, 277 and 278 are 

70 formed, the remaining structure of the multichip 
module, i.e., patterned conductive layers 125, 130, 
135, 140, 145 and 150, interleaved dielectric layers 
155a - I55f, and contact pads 160, are formed in a 
conventional manner as described in connection 

75 with FIG. 1. In addition, the remaining dielectric 
layers may have vias 175 formed in them in accor- 
dance with the prior art. 

Another embodiment of the present invention is 
shown in FIG. 3, to which we now turn. In the 

20 embodiment depicted in FIG. 3, vias 376, 377 and 
378, coupling the capacitor plates to the surface of 
the multichip module, are formed after all of the 
layers of the module have been formed. Thus, vias 
376, 377 and 378 all extend through ' dielectric 

25 layers 155a - 155g. In addition, vias 376 and 377 
also extend through dielectric layer I55h, and via 
376 further extends through layer 155i. Again, al- 
though vias 367, 377 and 378 are formed in a 
single step etch process, as described in greater 

30 detail below, each of them has a different length, 
with its lower end terminating at a patterned con- 
ductive layer at a different level in the multichip 
module structure. The length of these vias may 
exceed 100 microns. When etching is conducted in 

35 accordance with the method of the present inven- 
tion, high aspect ratio vias having different lengths 
may, nonetheless, be formed having substantially 
the same diameter. As shown in the portion of FIG. 
3 away from vias 376, 377 and 378, the remaining 

40 structure of tile multichip module of the present 
invention may be formed in a conventional manner. 

Those skilled in the art will appreciate that 
although three vias and three capacitor layers of 
patterned metal have been shown for exemplary 

45 purposes, fewer or more layers can be connected 
by high aspect ratio vias in accordance with the 
present invention, and that more ihan one via can 
be employed in connection wit r n each layer. For 
example, up to five capacitor lava s are now teinci 

so contemplated by the invontors. inj the f cson>: 
invention allows one-step etchhu • orm vii o al 1 
of them. Likewise, althouth tf* c i a: p> ' 
vias extending through r;;il^ aye j ; ** 
present invention are sh . r . , II; is *; 

55 bodiments, as b jing us*- 1 * v y:p r 
capacitor plate layers, ; . i t ■ 

connuciion v, ' * any ( i : 
layen n tho r, * ule. 
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We now turn to FIG. 4 which is a flow chart of 
the process of the present invention. The process 
starts at step 401 wherein a multichip module sub- 
strate is provided. This substrate is conventional 
and may be made of silicon, ceramic, sapphire, 
metal (e.g., copper or aluminum), or other material. 
Likewise, the steps for preparing the substrate are 
conventional. For purposes of the present inven- 
tion, the substrate provided at step 401 may have 
various layers of conductive and/or dielectric ma- 
terial already formed thereon. 

At step 402, a plurality of interleaved patterned 
conductive layers and dielectric layers are formed 
on the substrate in a conventional manner, except 
that the prior art step of forming vias in each 
dielectric layer after it is formed is omitted. Thus, a 
first conductive layer is deposited and patterned 
and a first dielectric layer is formed on top of the 
first patterned layer. It is noted that the dielectric 
layer will fill in any areas removed during the 
patterning of the conductive layer, such that in the 
areas where the conductive layer has been re- 
moved the dielectric layer is thicker. Thereafter, 
additional patterned conductive layers and layers of 
dielectric material are sequentially deposited. 

The present invention is primarily intended for 
use in connection with thin film multichip module 
substrates wherein the patterned conductive layers 
are formed of a metal such as copper, and the 
dielectric layers are formed of a polymeric material 
such as a polyimide. The term "polyimide" actually 
refers to a class of polymeric compounds that have 
found widespread use in the electronics industry. In 
thin film multichip modules of the type described, 
the patterned metal layers may typically have a 
thickness on the order of 1 - 5 microns, while the 
polyimide layers may have a thickness in the range 
of 3 - 50 microns. As described above, thin 
polyimide layers {i.e., of the order of 3 microns 
thick) are used to separate capacitor plates, while 
relatively thick polyimide layers, e.g., greater than 
10 microns, are used to separate other structures 
in the substrate. 

Since the vias of the present invention extend 
through multiple dielectric layers, the metal layers 
are patterned so that no metal is present in areas 
where the extended vias are to be formed. How- 
ever, as described in connection with FIGS. 2 and 
3, in accordance with the present invention, dif- 
ferent vias will extend to different conductive lay- 
ers. 

At step 403, after a plurality of interleaved 
conductive and dielectric layers have been foi n $c\ 
a mask layer is deposited on the uppermost 1 jI k ■ 
trie layer. The mask layer must have the p : *< ?t •* 
of being resistant to the particular etch [ < s ■ 
used, may be deposited by corvontioni I 
such as sputtoring, evaporation o :hernii ? 



deposition (CVD). For example, when using ECR 
with oxygen as the reactant species, a layer of 
titanium (which may be deposited by sputtering) or 
of silicon dioxide (deposited by CVD) is suitable as 

5 an etch mask material. Aluminum is aJso commonly 
used as a mask layer and is usable when a halo- 
gen-based etchant is used. Such mask layers are 
typically about a micron or less in thickness, with 
titanium functioning with thicknesses less that one 

w quarter micron. The mask layer is then patterned 
using conventional photolithographic techniques to 
create apertures at locations in the mask layer 
where vias are to be formed. Such apertures may 
be substantially round, with a diameter on the order 

15 of 10 microns or less. It is noted that, while this 
diameter is relatively large compared to via diam- 
eters used in modern IC chips, it is quite small in 
relation to the prior art thin film multichip module 
packaging technology. 

20 At step 404, a highly anisotropic etch process 
is used to simultaneously form a plurality of vias in 
the exposed areas of the dielectric layers defined 
by the apertures in the etch mask. In the preferred 
embodiment of the present invention, ECR is used 

25 for etching. In ECR, microwave rf energy (e.g., at 
2.45 GHz) is applied in a low-pressure environment 
(e.g., 0.5 - 2.0 mTorr) to create a plasma which is 
confined by a static magnetic field. The plasma is 
created in a mixture of an inert support gas, such 

30 as argon, and one or more reactant species such 
as gaseous halogen or oxygen compounds, which 
attack and remove the exposed surfaces to be 
etched. A bias voltage is used to attract the ionized 
reactant species to the surface of the substrate 

35 being processed. The bias voltage may be ob- 
tained by applying either a supplemental rf voltage 
or a DC voltage to the substrate. In order to re- 
move reaction compounds and supply fresh reac- 
tant gas, the mixture of inert support gas and 

40 reactant gas continuously flows through the system 
as etching proceeds. 

As is known in the art, the optimal etching 
parameters for a given process are highly depen- 
dent on the nature and thicknesses of the dielectric 

45 layers being etched and cannot be generalized. For 
example, different polyimide species exhibit dif- 
ferent etch behavior. Fac:ors such as reactant spe- 
cies and percentage of aacca -t gas in relation to 
support gas, plasma po*3 , ')us voltage, magnetic 

so field strenrjth, chambf * r e . > : gas flow rate, 
substrate-to:-ource f;p < - \ other hardware 
sr*oiric far"? £ are til < Those skilled in 
th3 i "* vlll \ ; gnize 4 I porimo! fction is 

re 5 i u tiinize ?£ a ^ i *rs. A 

f> st i .f ' syslei v h - esont 

ir ' * t » " n n^r r n I -tas- 

n . 3 iy , , r A erg, 

F . X'tX I-.3HV 
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tofore, ECR has not been used to etch through 
relatively thick layers of polyimide. 

It is believed that the suitably highly anisotropic 
behavior of the ECR etching stems from the highly 
directional flow of reactant ions from the plasma to 
the surfaces to be etched. Due to the high rate at 
which the field direction changes when operating at 
microwave frequencies, ions trapped in the plasma 
do not have high average velocity in any direction. 
The bias voltage, typically at a level of a few 
hundred volts, extracts the ions from the plasma. 
Since the ions otherwise do not have high velocity, 
they tend to follow the field lines down into the via 
opening and travel straight down the opening to the 
bottom without contacting the sidewalls. (Contact 
between the etchant gas and the sidewalls of the 
via causes etching of the sidewalls, undercutting 
the mask opening and widening the via.) The low 
operating pressure of the process means that the 
mean-free-path of the gas ions is relatively long so 
that gas collisions are infrequent in the dimensions 
of a via, i.e., a ion travelling down a via is unlikely 
to collide with another ion or molecule and be 
scattered so as to contact a sidewall. 

While ECR is preferred for implementing the 
process of the present invention, reactive ion etch- 
ing (RIE) can also be used, so long as the process 
parameters are suitably adjusted so that highly 
anisotropic etching is obtained. Depending on the 
operating conditions, RIE can either be isotropic or 
anisotropic. Nonetheless, ECR is preferred because 
it gives independent control of the ion bombard- 
ment energy (i.e., the bias voltage) and the energy 
supplied to the plasma. In RIE, the rf voltage used 
to create the plasma is also used to bias the 
substrate and, thus, it is not possible to indepen- 
dently control these important etch parameters. 
Moreover, ECR operates at lower pressures hence 
providing a longer mean-free-path and less scatter- 
ing; provides higher levels of ionization hence a 
higher plasma density; and has an overall lower 
plasma potential decreasing the risk of damage to 
the substrate in contact with the plasma. These 
factors mean, inter alia, that ECR is capable of 
etching high aspect ratio vias in accordance with 
the present invention at a higher rate, and that the 
vias have improved characteristics, i.e., steeper 
sidewalls, less undercut, etc. 

Highly anisotropic etching is im:>r rt nt for a 
number of roasons. First, if the el* p *< y s ; is not 
highly anisotropic it will be irnpc:;: i' if t ; nr. tig ♦ 
aspect ratio /:is sincfv oven il t » »■ ,: : ih 
vu s will w;c h \ as e^-iing prcct 1 ii- 

orvticulariy - ^-tie £ienei:i sr -fc 

\\ Jvf thicl* 1 ■ ^: . V ' X the v- - X \ u 

\ ros.il' - - m etc i 

: < y a si' - p no* y 

i tr o ale * ■ 



Finally, when undercutting is a problem it is hard to 
reliably form vias of differing lengths all of which 
have similar and predictable electrical properties. 
The amount of undercutting and lateral growth that 

5 will occur varies depending on the length of the 
vias, with proportionally greater lateral growth oc- 
curring in short vias. Thus, when a highly an- 
isotropic etch process is not used, if one were to 
try to simultaneously etch a relatively short via and 

10 a relatively long via, by the time the long via was 
completed the short via would be un acceptably 
wide. 

FIG. 5 is a scanning electron micrograph of a 
high aspect ratio via in polyimide, made in accor- 

75 dance with the present invention. The via shown in 
FIG. 5 has an opening with is approximately 10 - 
11 microns in diameter and a depth of approxi- 
mately 35 microns, such that it has an aspect ratio 
of approximately 3:1. It is noted that the sidewalls 

20 of the via are almost completely vertical and, as a 
consequence, there is little difference in the diam- 
eter of the via from top to bottom. 

Returning to FIG. 4, the etch process is contin- 
ued until a layer of conductive metal is reached, at 

25 which time the etching stops due to the inability of 
the etchant species to attack the metal of the 
patterned conductive layer. Thus, for example, 
when etching the exemplary structure of FIG. 2 
using the method of the present invention, wherein 

30 three vias are being formed, /.e., vias 276, 277'and 
278, the etching process is first completed with via 
276 which extend only through polyimide layer 
I55g. When via 276 reaches metal layer 120 etch- 
ing stops within that via. Assuming that the vias are 

35 all substantially the same diameter, such that the 
etch rate is substantially the same, etching contin- 
ues in vias 277 and 278 since they extend through 
additional layers. Notably, the etch method of the 
present invention is so highly anisotropic that via 

40 276 does not appreciably widen after metal layer 
120 is reached and while etching continues within 
vias 277 and 278. Thereafter, via 277 is completed 
when patterned conductive layer 115 is reached, 
and via 278 is completed when conductive layer 

45 110 is reached. When the last conductive layer is 
reached, (i.e., layer 110 in the case of FIG. 2,) 
etching is complete and etching is stopped. Ac- 
cording to the present invention, the vias all have a 
high aspect ratio, and have an average diameter 

so which is approximately equal to the average diam- 
eter of the opening in the overlying mask. 

The next step in the process (405) is to fill the 
vias that have been formed with conductive ma- 
t :rlal. There are a number of ways of filling vias 
* »et are conventional and well-known to those 
:i led in the, art. The particular method used will 
, iend on l ie materials and dimensions used in 
stmctu a A plating technique is presently pre- 



15 



EP 0 646 954 A2 



16 



ferred for vias that are sufficiently wide to accom- 
modate a plating solution. Other possible methods 
include selective CVD, or sputtering with etch back 
and/or mechanical lapping. 

After the vias have been filled, conventional 
processing of the multichip module continues (step 
406) in accordance with prior art techniques. For 
example, in the embodiment of FIG. 2, patterned 
conductive layers 125 - 150 are formed, interleaved 
with polyimide layers 115a - 155f with interlayer 
vias 175. Then surface contact pads 160 are 
formed. In the embodiment of FIG. 3, contact pads 
160 are formed. Of course, depending on the struc- 
ture other processes and features may be included. 

While the present invention has been particu- 
larly described with respect to preferred embodi- 
ments, it will be appreciated that various alter- 
ations, modifications, and adaptations may be 
made based on the present disclosure, and are 
intended to be within the scope of the present 
invention. While the invention has been described 
in connection with what is presently considered to 
be the most practical and preferred embodiments, 
it is to be understood that the present invention is 
not limited to the disclosed embodiments but, to 
the contrary, is intended to cover various modifica- 
tions and equivalents that are within the scope of 
the appended claims. 

Claims 

1. A method of forming a high aspect ratio via, 
comprising the steps of: 

forming a layer of polymeric material, said 
layer having a thickness greater than 20 
microns, 

providing a mask over said layer of poly- 
meric material said mask having an opening 
therein for defining the diameter of said via, 

using electron cyclotron resonance etching 
to remove the polymeric material from said 
layer beneath said mask, whereby a high as- 
pect ratio via is formed in said layer. 

2. A one-step method of forming high aspect ratio 
vias in a multi layered substrate, comprising: 

providing a multilayered substrate having a 
plurality of conductive layers at different levels 
therein, said conductive layers being separated 
by insulating layers, 

positioning a mask in proximity to the top 
surface of said multilayered substrate, said 
mask having a plurality of openings corre- 
sponding to vias to be formed within said mul- 
; layered substrate, 

simultamxajsly anisotropically removing 
> i insula/ r ; nsa eicl beneath each of said 
ailing*. ; m l\ >s uas having substantially 



the same dimensions as the overlying open- 
ings are formed, said vias extending from the 
conductive layers to the top surface of the 
multilayered substrate. 

5 

3. The method of Claim 2 wherein said step of 
simultaneously anisotropically removing said 
insulating material is performed using electron 
cyclotron resonance etching. 

10 

4. The method of Claim 2 wherein said step of 
simultaneously anisotropically removing said 
insulating material is performed using reactive 
ion etching. 

75 

5. The method of Claim 2, 3, or 4, wherein at 
least some of said vias have a height greater 
than 20 microns. 

20 6. The method of Claim 2, 3, 4 or 5, wherein at 
least some of said vias have an aspect ratio 
greater than 3 to 1 . 

7. The method of any of claims 2 to 6, wherein 
25 said insulating material is a polymeric material. 

a The method of Claim 7 wherein said polymeric 
material is a polyimide. 

30 9. A multilayered substrate for a multichip mod- 
ule, comprising: 

a plurality of conductive layers, 
a plurality of insulating layers interleaved 
between said conductive layers, 

35 a plurality of vias formed within said sub- 

strate, each said via extending from a substan- 
tially planar surface to one of said conductive 
layers, such that said vias are of different 
heights, at least some of said vias having an 

40 aspect ratio greater that 3 to 1 and a height 

greater than 20 microns, each of said vias 
having a smoothly continuous wall. 

10. A capacitor structure for use in a multichip 
45 module, said capacitor structure being embed- 

ded within the layers of a multilayered, mul- 
tichip module, comprising, 

a first capacitor plate comprising a first 
patterned conductive layer, 
50 a first polyimide dielectric layer rv< flying 

said firs£ patterned conduct vo fcyrr sa;d 
polyimide layer having a thicUi g:;s I- j: han 5 
microns, 

a ;;e ■> nd c;\c icitor pla i • v *r : :£ i 
55 first poiy i 'ds di -I r trie laye d : id c - 

pacitor \ 3 o sing a t ■ •< t ~ y v :< 
cond ic r t.< 

c i i u ic e di-; c '< 
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lying said second capacitor plate layer, said 
second polyimide dielectric layer having a 
thickness greater than 10 microns, and 

at least one via continuously extending 
through said first and second dielectric layers 5 
to electrically contact said first capacitor plate 
layer. 

11. The capacitor structure of claim 10 comprising 

a second via extending through said second io 
dielectric layer to electrically contact said sec- 
ond capacitor plate. 

12. The capacitor structure of claim 11 wherein 

said first and second vias are simultaneously 75 
formed by etching through an etch mask. 
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